Background: The use of glycemic thresholds for diabetes diagnosis is controversial. However, no information is available regarding glycemic and glycated hemoglobin (HbA1c) thresholds for detecting diabetic retinopathy (DR) in the Iranian population.
Background
The world health organization (WHO) has published several guidelines since 1965 for the diagnosis of diabetes mellitus (DM) (1) . One of the preferred diagnostic criteria is the determination of the glycemic thresholds (2) by calibrating glycemic tests against diabetic retinopathy (DR) observations (3) . DR is an early and specific clinical complication of diabetes and is used as the basis for determining diagnostic cut-off points for DM (4, 5) . Several population-based studies have investigated the relationship between the prevalence of retinopathy and some glycemic measures such as fasting plasma glucose (FPG), 2-hour post oral glucose load plasma glucose (2hPG), and glycated hemoglobin (HbA1c) levels (2, (5) (6) (7) (8) (9) (10) . These investigations and many other published clinical studies have recommended diagnostic cut-off points for diabetes as an FPG level of ≥ 7.0 mmol/L (126 mg/dL) and an HbA1c level of ≥ 6.5% ( ≥ 48 mmol/mol) (11) (12) (13) .
Other studies in the literature have suggested somewhat different optimal cut-off values, based on the presence of DR. The differences in these recommendations could partly arise due to the differences in the various studies, such as the subject population, ethnicity, or age range of the included subjects (2, (14) (15) (16) . The different statistical methods utilized in these studies could also have affected the final decisions on cut-off points (17, 18) . In addition, the glycemic cut-off points associated with DR may also be affected by disease control within the sample population (2) . On the other hand, almost all of these investigations adopted a very broad definition of retinopathy that included many cases of mild retinopathy, which is claimed to have causes other than hyperglycemia (19) . Hence, a better result might be obtained by limiting the inclusion crite- ria to diabetes-specific retinopathy (moderate or more severe levels of retinopathy) that can be clearly attributed to hyperglycemia.
The incidence of diabetes has steadily and dramatically increased throughout the world, including in Iran. The prevalence of DM is estimated as 24% among Iranian individuals older than 40 years of age and it increases by 0.4% with each year after 20 years of age (20) . The dramatic increase in the diabetic population is inevitably accompanied by increased diabetic complications and enormous health costs. Therefore, early detection and screening of high-risk individuals for diabetes is of great importance and interest to investigators and health care providers.
Objectives
The current investigation was undertaken to examine the relationships between DR prevalence and FPG and HbA1c levels and to determine the optimal FPG and HbA1c cut-off points for diagnosing diabetic retinopathy in a population from Northwest Iran. These glycemic measures were also compared for their efficacy in detecting DR as a truly diabetic state.
Patients and Methods

Study Population
This cross-sectional, population-based study was conducted between September 2012 and August 2013 in Urmia, the capital of West Azerbaijan province, Iran. Participants were recruited by voluntary participation through advertisement among citizens who were ≥ 40 years of age. Individuals were selected using a systematic random sampling method that selected every nth subject. The value of n depended on the number of patients expected on each day of testing, in order to include 15 participants per day.
The eligibility criteria included an age of ≥ 40 years, fully completed questionnaires, no missing values for HbA1c or FPG, and sufficient mental and physical ability to participate. We also limited the inclusion criteria to diabetesspecific retinopathy (moderate or more severe levels of retinopathy). The exclusion criteria included a previous history of endocrinopathies; hypothyroidism; liver, kidney, or heart failure; neoplasia; hemoglobinopathies; anemia; pregnancy; evidence of any other ocular diseases, except for refraction errors; hypertension; a history of major surgery; blood transfusion within the previous 6 months; severe illness; and weight gain or loss > 10% during the past 3 months. After clinical screening (medical history, physical examination, and laboratory tests), a total of 3,010 non-hypertensive subjects were randomized into the study, as described above. All included subjects received baseline examinations, including FPG and HbA1c measurements, an ophthalmic examination, and blood pressure measurement, in addition to completing a general health and lifestyle questionnaire. Participant educational status, ethnicity, anti-hypertensive and anti-hyperglycemic medications, smoking status, and prevalent medical conditions were obtained by this questionnaire. Individuals with systolic/diastolic blood pressures higher than 140/90 mmHg or subjects who were using anti-hypertensive medications were considered as hypertensives and were excluded from the study. The study protocol was approved by the ethics committee of the Urmia medical university and written informed consent was obtained from all the participants.
Measurements
Blood samples were collected after a minimum fasting time of 8 hours for the determination of plasma glucose and HbA1c levels. Plasma glucose was determined by the glucose oxidase method, whereas HbA1c was measured by high performance liquid chromatography (Tosoh G7, Tokyo, Japan).
Ophthalmic Examination and Definition of Diabetic Retinopathy
All participants received eye examinations by an ophthalmologist and had a bilateral retinal photograph taken of the fundus through dilated pupils. After pupil dilatation with 1.0% tropicamide and 10% phenylephrine, fundus photographs (45°color digital images of the retina) were taken from both eyes of each participant by a technologist using a Topcon TRC-NW7SF fundus camera (Topcon corporation, Tokyo, Japan). The first image was centered on the macula, whereas the second one was centered on the optic nerve. The photographs were assessed according to the international clinical DR severity scale (21) by photographic graders who were blinded to the clinical information of participants. This scale rates DR at five different levels: (i) no retinopathic changes (equivalent to the early treatment of diabetic retinopathy study [ETDRS] scale level 10); (ii) mild non-proliferative retinopathy (NPDR) (equivalent to ETDRS level 20); (iii) moderate NPDR (equivalent to ETDRS levels 35, 43, and 47); (iv) severe NPDR (equivalent to ET-DRS levels 53A-53E); and (v) proliferative retinopathy (PDR) (equivalent to ETDRS levels 61 or higher). The final DR grading for each participant was determined according to the diagnosis in the more severely affected eye. As mentioned previously, the presence of DR was defined as the presence of moderate (level iii) or severe non-proliferative (level iv) DR, or proliferative (level v) DR in either eye.
Statistical Analysis
All statistical analyses were performed using the SPSS (statistical package for the social sciences ver. 17). All data were presented as a frequency percentage for categorical variables and as the mean ± standard deviation (SD) for continuous variables. Receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off value of HbA1c and FPG for identifying DR. The sensitivity was defined as the measured level of HbA1c or FPG that correctly identified subjects with DR, while the specificity cut-off point was defined as the level that correctly identified subjects who did not have DR. The Youden index (sensitivity + specificity -1) was utilized to evaluate the discriminatory power of FPG and HbA1c for predicting DR (22) . The discriminatory power of HbA1c and FPG levels for retinopathy was further assessed as the area under the receiver operating characteristic curve (AUC), where an AUC of 1 would indicate perfect predictive value, with no false positives or false negatives, and an AUC of 0.5 would indicate a discrimination no better than chance. The difference in the AUC was estimated by the method of DeLong et al. (23) . The effect of HbA1c and FPG concentrations on the risk of DR was evaluated by multiple logistic regression analysis, using HbA1c and FPG categories as independent variables and DR as a response variable. Diabetes was diagnosed based on an HbA1c reading of ≥ 6.5% (48 mmol/mol), FPG of ≥7.0 mmol/L (126 mg/dL), self-reported diagnosed diabetes, or current use of anti-hyperglycemic medications. Two-sided P values less than 0.05 were considered statistically significant for all analyses.
Results
After exclusion of the non-eligible subjects, 3010 individuals (1413 men and 1597 women) participated in this investigation. The mean concentration of HbA1c was 48.5 ± 0.2 mmol/mol (5.6 ± 0.1 %) and the mean level of FPG was 5.9 ± 1.9 mmol/L (106.2 ± 34.2 mg/dL) in our population. Table 1 shows the demographic and clinical characteristics of the studied population. The mean age of the participants was 54.7 ± 8.4 years, and men comprised 46.9% of the group. The individuals with DR had higher FPG, HbA1c, and BMI levels when compared with subjects without DR. The patient group also had a higher prevalence of diabetes. Among the cases with diabetes, those with DR had a longer duration of diabetes.
The overall prevalence of diabetic retinopathy in the investigated population was about 2 %. A total of 35 participants had moderate NPDR, 13 had severe NPDR, and 11 had PDR. Among those with diabetes, the prevalence of diabetic retinopathy was 32.6% (95% CI: 23. Figure 1 shows the prevalence of DR by deciles of the distribution of the FPG and HbA1C levels. These plots suggest a curvilinear relationship between FPG or HbA1C and retinopathy. The prevalence of DR was very low in the first through ninth deciles for both glycemic measures (6.3-7.0 mmol/L for FPG and 6.4-6.8% for HbA1c), but started to increase markedly between the ninth and the tenth deciles for both variables. Indeed, the prevalence of DR in the tenth deciles was 9.0% and 10.3% for FPG and HbA1c respectively, whereas the prevalence in the ninth deciles was 1.2% for FPG and 1.3% for HbA1c. Figure 2 displays the ROC curves for FPG and HbA1c in detecting DR. The overall optimal cut-off points of HbA1c and FPG values for diagnosis of DR, determined by maximizing the sensitivity and specificity, were 6.5 mmol/L (117 mg/dL) for FPG and 6.2% (44 mmol/mol) for HbA1c. The sensitivity and specificity were 78.0% and 87.1% for FPG and 89.8% and 89.5% for HbA1c, respectively (Figure 2) . We also evaluated the ability of the HbA1c and FPG measures to identify the presence of DR by comparing the AUCs for these two glycemic measures (Figure 2 ). The AUC for HbA1c was 0.946 (95% CI: 0.877-0.978) and was significantly larger than that for FPG [0.880 (95% CI: 0.791-0.930); p for difference < 0.001] (Figure 2 ). After excluding individuals receiving anti-hyperglycemic medication, the thresholds for detecting DR were 6.6 mmol/L (118.8 mg/dL) for FPG and 5.9% (41 mmol/mol) for HbA1c. In this case, the AUC for FPG was 0.845 (95% CI: 0.748-0.943), whereas the area under the ROC curve for HbA1c was 0.876 (95% CI: 0.699-0.941). These measures showed no significant differences in terms of detecting DR (P = 0.116). retinopathy (i.e., sensitivity, specificity, positive predictive value, negative predictive value, and Youden index) at various cut-off points of FPG and HbA1c. These parameters were evaluated by calculating the sensitivity and specificity of each threshold using the ROC curve, as shown elsewhere (10, 24 Table 2 , the use of these preexisting thresholds improved the specificity and the positive predictive value. On the contrary, the negative predictive value and the sensitivity of the pre-existing thresholds were reduced compared with the use of the optimal glycemic thresholds suggested from this study. Table 3 presents the association of FPG and HbA1c with DR in two models: an unadjusted model and a model adjusted for gender, age, and smoking. The categories used in Table 3 are as follows: i) concentrations less than our cut-offs (< 6.2% for HbA1c and < 6.5 mmol/L for FPG); ii) concentrations between our cut-offs and those proposed by the American diabetes association (ADA) (6.2-6.4% for HbA1c and 6.5-6.9 mmol/L for FPG); and iii) concentrations greater than the ADA proposed cut-offs (6.5% ≤ for HbA1c and 7.0mmol/L ≤ for FPG). The odds ratio (OR) for DR increased with increasing categories of FPG and HbA1c (Reference = lowest category), both before and after adjustment.
Discussion
The glycemic thresholds for diabetes diagnosis have been determined separately in several countries, including the USA, Japan, Egypt, South Korea, China, Australia, France, and Singapore (2, 6-10, 15, 17, 18, 25-27) . However, no information has yet been provided for the Iranian population. This community-based cross-sectional study revealed a significant increase in the prevalence of diabetic 4 Iran Red Crescent Med J. 2016; 18(8):e31254. retinopathy significantly between the 9th and 10th deciles for both FPG and HbA1c. In addition, the optimal thresholds for detecting prevalent DR in our population, based on ROC analyses, were 6.2% (44 mmol/mol) for HbA1c and 6.5 mmol/L (117 mg/dL) for FPG, which were lower than those currently used as diagnostic criteria for diabetes.
The diagnostic cut-offs for HbA1c or FPG in diabetes have been modified according to the optimal sensitivity and specificity for DR (28) . In 1997, the ADA recommended lowering the threshold for FPG from 7.8 mmol/L (140.4 mg/dL) to 7.0 mmol/L (126 mg/dL), because multiple investigations had shown a linear increase in the prevalence of retinopathy above this level and the latter cut-off correlated better with a 2h plasma glucose ≥ 11.1 mmol/L (3, 7, 17) . In 2010, based on a data pooling analysis of five studies, the ADA proposed HbA1c ≥ 48 mmol/mol (6.5 %) as the diagnostic cut-off point for diabetes (1, 6, 29) .
As already mentioned, the optimal cut-off thresholds for FPG and HbA1c for defining DR can vary between populations. Previous ROC curve analyses indicated an optimal FPG threshold level of 7.1 mmol/L (127.8 mg/dL) in Australia (the AusDiab study) (18), 6.7 mmol/L (120.6 mg/dL) in the US population (NHANES III) (7), and 6.8 mmol/L (122.4 mg/dL) in the Pima Indian population (8 (31) . HbA1c has several diagnostic benefits over FPG, such as the independence from fasting, lower day-to-day variation compared with FPG, lower pre-analytical instability, and lower biologic variability (10, 32) . These advantages have implications for the early identification and treatment of undiagnosed diabetes. Our analysis demonstrated a significantly larger area under the ROC curve for HbA1c than for FPG when considering the whole population. However, this difference lost statistical significance when individuals receiving anti-hyperglycemic medication were excluded. This finding indicates that the discriminative ability of HbA1c for detecting individuals with diabetes or with a high risk for diabetes was comparable to that of FPG. This was consistent with the findings of the Korean diabetes association (KDA) (12) .
The strengths of our study include its populationbased design with a homogeneous ethnic background, the precise interpretation of retinal photography by an ophthalmologist, and stringent inclusion criteria. In fact, the studied subjects were limited to those who were nonhypertensive and had diabetes-specific retinopathy. These criteria reduced the chance of observing the spurious results. However, some limitations should also be acknowledged. First, our analyses included people with previous or current hypoglycemic treatment. Hypoglycemic medications could have affected the levels of glycemia and might have influenced the distribution of HbA1c or FPG levels. Second, this study was based on cross-sectional data, which might have affected the threshold values of the glycemic measures. Ideally, the diagnostic thresholds would be derived from prospective studies, which would allow a more accurate evaluation of the relationship between glycemic measures and incident microvascular complications. Third, other glycemic measures, such as 2-hour PG, glycated albumin (GA), and 1,5-anhydroglucitol (1,5-AG) values, were not included in this analysis.
In conclusion, our study showed that the HbA1c and FPG thresholds for diagnosing diabetes in an Iranian population were lower than the current diagnostic criteria. According to the present investigation, the prevalence of retinopathy increased when the HbA1c and FPG cut-off values of 6.2% (44 mmol/mol) and 6.5 mmol/L (117 mg/dL), respectively, were utilized. In addition, HbA1c showed a better discriminatory power than FPG for detecting the presence of retinopathy. A follow-up study with a larger sample size is needed to confirm the relationship of FPG and HbA1c to the incidence of DR.
